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Description 

BACKGROUND OF THE INVENTION 

1 . Field of The Invention 

The present invention relates to switches designed 
to protect circuits that use a multiplicity of battery cells 
connected in series for aerospace applications. In par- 
ticular, the present invention relates to cell bypass 
switches which can sense a battery cell failure and au- 
tomatically provide an alternate path around the tailed 
cell, thereby bypassing the failure and allowing the re- 
mainder of the battery system to continue its function. 

2. Description of The Prior Art 

Part of the problem which the present invention ad- 
dresses Is that usually a multiplicity of battery cells are 
connected in series in a battery system for aerospace 
applications. When one of the battery cells fails, the 
whole battery system stops functioning. A single battery 
cell failure will open the series circuit and the remaining 
battery cells within the circuit will stop operating. This is 
where the present invention comes into play. 

The following ten (10) prior art patents were uncov- 
ered in the pertinent field of the present invention. 

1. United States Patent No. 299,970 issued to Fen- 
ner on June 10, 1884 for "Automatic Fire Alarm" 
(hereafter "the Fenner Patent"). 

2. United States Patent No. 2,235.766 issued to 
Knaack on March 18. 1941 for "Thermal Alarm" 
(hereafter "the Knaack Patent"). 

3. United States Patent No. 3,038,042 issued to Hall 
et al. on June 5, 1962 for "Impact-Operable Electric 
Alarm Switch Devices" (hereafter "the Hall Patent"). 

4. United States Patent No. 3,155,800 issued to 
Denton on November 3, 1964 for "Single Action 
Temperature Sensitive Electrical Switch Including 
Camming Means For A Plunger Retaining Member" 
(hereafter "the Denton Patent"). 

5. United States Patent No. 3.761,856 issued to 
Mantelet on September 25. 1973 tor "Thermal 
Warning Or Protection Device" (hereafter "the Man- 
telet Patent"). 

6. United States Patent No. 4,075,448 issued to 
Seedorf et al. on February 21 . 1 978 for "Cell Bypass 
Switches For Electrochemical Cell System" (here- 
after the Seedorf Patent"). 

7. United States Patent No. 4,390,763 issued to 
Hruda on June 28, 1973 for "Electrochemical Cell 



Shunting Switch Assembly With Matrix Array Of 
Switch Modules" (hereafter "the Hruda Patent"). 

8. German Patent No. 429.788 (hereafter "the 788 
5 German Patent"). 

9, German Patent No. 1,056,715 (hereafter the 
'715 German Patent"). 

10 1 0. Soviet Patent No. 1 , 1 41 ,468 (hereafter the So- 
viet Patent"). 

The Fenner Patent discloses an automatic fire 
alarm. It utilizes a soft solder for retaining a spring bi- 

is ased rod. The solder is fusible at a low degree of heat. 
In the event of a fire, the solder will melt and release the 
rod which in turn is urged by the spring and presses on 
two electrical contacts to make them connected to ac- 
tuate an alarm. 

20 The Knaack Patent also discloses a thermal alarm. 
It utilizes a fusible element or pellet for regulating the 
movement of a spring biased transverse rod. The trans- 
verse rod has a sloping end face which is engaged with 
a spring biased longitudinal rod. In the event of over- 

25 heating, the pellet becomes melted and allows the trans- 
verse rod to travel, which in turn releases the longitudi- 
nal rod. The movement of the longitudinal rod causes 
two electrical terminals to contact and thereby trigger an 
alarm. 

30 The Hall Patent discloses an impact-operable elec- 
tric alarm switch. It provides a mechanism for making 
electrical contact upon sudden impact or collision. 

The Denton Patent discloses a single action tem- 
perature sensitive electrical switch which includes a 

35 camming means for a plunger retaining member. The 
switch has a cylindrical housing wherein a spring biased 
plunger can travel longitudinally to either make or break 
electrical connection between two electrical terminals 
mounted at one end of the cylindrical housing. The 

40 movement of the plunger is restrained by a V-shaped 
spring retainer member. The spring retainer member 
has two elongated legs. The two legs are held in place 
by a pellet located at the other end of the cylindrical 
housing. When the pellet Is melted under heat, the 

45 spring retainer member is freed, which in turn allows the 
plunger to travel to make or break electrical connection 
between the two electrical terminals. 

The Mantelet Patent discloses a thermal warning or 
protectbn device. The devbe utilizes a fusible washer 

50 for restraining a spring biased contact element. When 
the washer is melted under heat, the contact element 
will break the electrical contact between the two electri- 
cal terminals. 

The Seedorf Patent discloses an electrochemical 

55 cell circuit utilizing vacuum interrupter cell bypass 
switches for preventing impurities from interfering with 
the switch operation. 

The Hruda Patent discloses an electrochemical ceil 
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shunting switch assembly with matrix array of switch 
mcxJules. It is used with a high continuous D.C. current 
electrochemical cell system for electrically shunting or 
by-passing a failed cell of the system. 

The 788 German Patent discloses a device where- 5 
in a pair of arms are utilized for holding the nose of a pin 
which is biased by a spring. The pair of arms are con- 
nected to a sleeve which is also biased by a spring. 

The '715 German Patent discloses a fuse device 
comprising a heating coil arrangement. The fuse device 
also has a movable spring biased pin which is secured 
by a solder element. 

The Soviet Patent discloses a thenmosensitive elec- 
trical circuit cut-out device. The Soviet device has two 
spring biased movable contacts and a solder element. 
When the solder element is melted, the two spring bi- 
ased movable contacts quickly disengage the electrical 
connection of the circuit. 

It can be seen that although various melt or pellet 
elements have been utilized in the prior art patents, al- 
most all of the prior art heat sensitive devices are oper- 
ating under direct external heat sources, and none of 
them has taught an electrical conducting solder wire for 
utilizing electrical current as the source to heat up the 
wire so that it will be melted to initiate the action of the 
plunger. In addition, none of the prior art has disclosed 
the feature of using collapsible collet fingers which upon 
the withdrawal of the plunger can pass through an elon- 
gated narrow channel to release the pin contact for mak- 
ing an electrical contact. 

Therefore, it is highly desirable to have a very effi- 
cient and also very effective design and construction of 
a cell bypass switch which is used to protect circuits that 
utilize a multiplicity of battery cells connected in series. 

United States Patent No. 5,227,259 disclosed an 
apparatus and method for locating and electrically iso- 
lating failed cells in a network of cells. The apparatus 
includes a device for sampling voltage and current lev- 
els of each of the cells of the battery. Another device 
compares the sampled voltage and current levels to 
voltage and current limits to determine whether a cell 
has failed. If a cell has failed, a control circuitry produces 
an activation signal which is conveyed to a switch asso- 
ciated with the failed cell. The activation signal drives a 
heating element of the switch. The heating element sur- 
rounds a fusible link of the switch, which melts the fusi- 
ble link. The fused link accumulates at the base of the 
switch. In the case of a parallel network of cells, the 
fused link forms an open circuit, while in the case of a 
series network of cells, the fused link forms a bypass 
circuit. However, this prior art reference did not disclose 
a collapsible collet member connected to an electrical 
pin contact, where the pin contact is positioned so that 
it is on the axis of a pair of socket contacts, and upon 
the withdrawal of a spring-loaded plunger, the collapsi- 
ble collect member can pass through a channel and 
push the pin contact to establish electrical continuity 
with the pair of socket contacts to form an electrical cir- 



cuit, and thereby provides a bypass of the failed cell. 
SUMMARY OF THE INVENTION 

The present invention is a novel and unique cell by- 
pass switch particularly designed for aerospace appli- 
cations. The cell bypass switch can sense a battery cell 
failure and automatically opens an alternate current 
path around the failed battery celt, thereby bypassing 
the failure and allowing the remainder of the battery sys- 
tem to continue its function. The cell bypass switch is 
designed to be placed in parallel with the battery cell it 
protects. When the battery cell is operational, the circuit 
current flows directly through the battery cell. 

It has been discovered, according to the present in- 
vention, that in many situations such as in aerospace 
applications, it is highly desirable to employ cell bypass 
switches which will automatically provide an alternate 
path around a failed cell. Without this protection, a single 
cell failure will open the series circuit and the remaining 
cells within the circuit will stop functioning. Therefore, it 
Is an important object of the present invention to provide 
a cell bypass switch which can automatically provide an 
alternate path around the failed battery cell, so that it 
bypasses the failure and allows the remainder of the bat- 
tery system to continue its function. 

It is another object of the present invention to pro- 
vide a cell bypass switch which includes a pair of col- 
lapsible collet fingers connected to an electrical pin con- 
tact. The electrical pin contact is positioned so that it is 
on the axis of a pair of socket contacts and upon the 
withdrawal of two spring-loaded plungers, the collapsi- 
ble fingers of the collet member can pass through an 
elongated narrow channel, thereby releasing the elec- 
trical pin contact. The pin contact will make electrical 
continuity with the pair of socket contacts to form an 
electrical circuit, thereby bypassing the failed cell. 

It is an additional object of the present invention to 
provide a cell bypass switch which includes two electro- 
mechanical actuators. Each electro-mechanical actua- 
tor includes two spool halves which are held together by 
a restraining wire which is terminated in a bridge wire 
spanning the two electrical terminals of the electro-me- 
chanical actuator. When sufficient electrical current is 
passed through the terminals and the bridge wire, the 
bridge wire will heat up and break under the applied ten- 
sion load. This causes the restraining wire to unwind, 
separating the spool halves and releasing the plunger. 

It is a further object of the present invention to pro- 
vide a cell bypass switch which is versatile and has a 
very efficient and very effective design and construction 
so that the cell bypass switch can be modified for various 
battery types and power requirements. 

It is an additional object of the present invention to 
provide a cell bypass switch with a reset mechanism 
which allows the cell bypass switch to be removed, re- 
furbished and reassembled to provide increased testa- 
bility. 
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It is a further object of the present invention to pro- 
vide a cell bypass switch with two electro-mechantcal 
actuators so that this redundancy prevents switch action 
by transient signals. If only one electro-mechanical ac- 
tuator is fired, the other plunger will still be held by the 
spool of the other electro-mechanical actuator which 
prevents the collapse of collapsible fingers and no 
movement can take place, which means the switch will 
not bypass a good battery upon transient or error sig- 
nals. 

In the present Invention cell bypass switch, two 
electro-mechanical actuator assemblies are mounted 
on the top end of the housing wherein a respective one 
electro-mechanical actuator assembly operates a re- 
spective one of two plungers. Each of the electro-me- 
chanical actuator assemblies includes two spool halves 
which are held together by a tight winding of a stainless 
steel restraining wire that terminates in a bridge wire 
connecting two electrical terminals of the electro-me- 
chanical actuator. Each spool, by virtue of the restrain- 
ing wire winding, can restrain a spring loaded plunger. 
However, when sufficient electrical current is passed 
through the terminals and the bridge wire, the bridge 
wire will heat up and break under the applied tension 
load. This causes the restraining wire to unwind, sepa- 
rating the spool halves and releasing the plunger. 

Two wire leads are connected from the battery sys- 
tem to the electro-mechanical actuator terminals re- 
spectively. Each actuator has two of these temriinals. 
When the cell bypass switch is operational only a very 
small amount of current flows through the circuits which 
is insufficient to trigger the switch. The spool of each 
electro-mechanical actuator restrains a spring-loaded 
plunger. The far end of the plunger rests inside an open 
pair of collapsible fingers, keeping the collapsible fin- 
gers from snapping shut. The collapsible fingers are 
spring loaded and are connected to an electrical pin con- 
tact. The pin contact is positioned so that it is on the axis 
of a pair of socket contacts. If the pin contact was free 
to move, it could connect both the socket contacts, mak- 
ing an electrical connection. However, when the plunger 
is inside the collapsible fingers, the collet member is re- 
strained from collapsing and passing through an elon- 
gated narrow channel and the pin contact has electrical 
continuity with only a single socket. Therefore, the 
switch remains in the opened condition. 

When a battery cell fails, the current leakage begins 
to flow through the electro-mechanical actuator circuit. 
This causes a break in the bridge wire and rapid unwind- 
ing of the restraining wire which releases the spool, 
which in turn releases the plunger. The spring pressure 
drives the plunger through the spool, pulling the oppo- 
site end free of the collapsible fingers. When both plung- 
ers have moved away, the collapsible fingers snap to- 
gether. Their reduced size now allows them to slip 
through the narrow slit in the partition that had restrained 
the collapsible fingers. The spring pressure now drives 
the collet member downward and pushes the electrical 



pin contact into contact with both the pair of socket con- 
tacts. 

The switch action requires that both electro-me- 
chanical actuators fire. This redundancy prevents 
5 switch action by transient signals, if only one electro- 
mechanical actuator fires, the other plunger will still be 
held by the spool of the other actuator which prevents 
the collapse of collapsible fingers and no movement can 
take place, which means the switch will not bypass a 
10 good battery upon transient or error signals. 

Further novel features and other objects of the 
present invention will become apparent from the follow- 
ing detailed description, discussion and the appended 
claims, taken in conjunction with the drawings. 

75 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring particularly to the drawings for the pur- 
pose of illustration only and not limitation, there is illus- 
20 trated: 

FIG. 1 is a perspective view of the preferred embod- 
iment of the present Invention cell bypass switch. 

FIG. 2 is an enlarged cross-sectional view of the 
present invention cell bypass switch which is in its open 
25 condition, taken along line 2-2 of FIG. 1 . 

FIG. 3 is an enlarged cross-sectional view of the 
present invention cell bypass switch which is in its open 
condition, taken along line 3-3 of FIG 1 . 

FIG. 4 is an enlarged cross-sectional view of the 
30 present invention cell bypass switch in its open condi- 
tion, taken along line 4-4 of FIG 1 . 

FIG. 5 is an enlarged cross-sectional view of the 
present invention cell bypass switch which is changing 
from its opened condition to its closed condition when a 
35 battery fails. 

FIG. 6 is an enlarged cross-sectional view of the 
present invention cell bypass switch which is in its 
closed condition. 

40 DESCRIPTION OF THE PREFERRED EMBODIMENT 

Although specific embodiments of the present in- 
vention will now be described with reference tothe draw- 
ings, it should be understood that such embodiments 

45 are by way of example only and merely illustrative of but 
a small number of the many possible specific embodi- 
ments which can represent applications of the principles 
of the present invention. Various changes and modifica- 
tions obvious to one skilled in the art to which the present 

so invention pertains are deemed to be within the spirit, 
scope and contemplation of the present invention as fur- 
ther defined in the appended claims. 

Referring to Figure 1, there is shown at 2 the 
present invention cell bypass switch. By way of exam- 

55 pie, the overall height H, width W and thickness T of the 
present invention cell bypass switch 2 are approximate- 
ly 9.258 centimeters (3.645 inches) by 3.366 centime- 
ters (1.325 inches) by 2.197 centimeters (.865 inches) 
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respectively. By way of example, the weight of the cell 
bypass switch 2 Is approximately 158.757 grams (5.6 
ounces) and will include mounting means 4 which allow 
the user to mount the cell bypass switch 2 to an extemal 
structure. It will be appreciated that the dimensions and 
weight described above are merely one Illustrative em- 
bodiment and the cell bypass switch 2 can include many 
other comparable sets of dimensions and weight. 

Referring to Figure 2, 3, 4. 5 and 6. there is shown 
an enlarged cross-sectional view of the cell bypass 
switch 2 which has generally a rectangular shaped 
housing 1 2. The cell bypass switch 2 can sense a bat- 
tery cell failure and automatically opens an alternate 
path around the failed cell, thereby bypassing the failure 
and allowing the remainder of the battery system to con- 
tinue its function. Figures 2 through 4 show an enlarged 
cross -sectional view of the cell bypass switch 2 in its 
normal condition, where the cell bypass switch 2 is 
opened. Figure 5 shows an enlarged cross-sectional 
view of the cell bypass switch 2 changing from the 
opened condition to the closed condition, In which the 
switch 2 failed, and Figure 6 shows an enlarged cross- 
sectional view of the cell bypass switch 2 in its closed 
condition. 

The cell bypass switch 2 is designed to be connect- 
ed In parallel with the battery cell it protects. The cell 
bypass switch 2 Is used in conjunction with an extemal 
power source and a battery cell which are conventional 
in aerospace application. The power source and the bat- 
tery cell each have a first extemal terminal which is the 
positive or negative terminals and a second external ter- 
minal which is the positive or negative terminals.When 
the battery cell is operational, the circuit current flows 
directly through the battery, and only a very small 
amount of current flows through these circuits, which is 
insufficient to trigger the cell bypass switch 2. 

Referring to Figures 2, 3 and 4, the components of 
the cell bypass switch 2 are located within a hollow 
chamber 50 of the rectangular shaped housing 12. The 
housing 12 has a top end 5 and a bottom end 7 with a 
central opening 9. The chamber 50 Is separated Into 
three compartments; an upper compartment 6, a center 
compartment 8 with a partition 10, and a lower compart- 
ment 14. At the top end 5 of the housing 12 there are 
two electro-mechanical actuators 22 and 122 which are 
insulated by an insulation material 11 and two pairs of 
lead wires 32 and 132 respectively connected to the 
electro-mechanical actuator terminals 33 and 133. The 
other ends of the two pairs of lead wires 32 and 1 32 are 
both connected respectively to the first and second ex- 
ternal terminals of the power source. It will be appreci- 
ated that the housing 1 2 is not limited to the rectangular 
shape. While the rectangular shaped housing is the pre- 
ferred embodiment, it is also within the spirit and scope 
of the present invention to have a cylindrical shaped 
housing. In addition, it will not be too hard for one sl^illed 
in the art to form any multiplicity of configurations. 

A first and a second hollow socket contacts 16 and 



18 are mounted In a longitudinal direction within the low- 
er compartment 14 and insulated by an insulation ma- 
terial 1 3. The first and second hollow socket contacts 
16 and 18 are located at an upper location and a lower 

s location adjacent to the bottom end 7 of the housing 1 2 
respectively. The socket contacts 1 6 and 1 8 are spaced 
apart so that the socket contacts 1 6 and 18 are not con- 
nected to each other. 

A hollow cylindrk:al body 48 is inserted through the 

10 central opening 9 which is adjacent to the bottom end 7 
of the housing 12 and insulated by the insulation mate- 
rial 1 3. The hollow cylindrical body 48 has internal screw 
threads 52 with two opposite ends. One of the two op- 
posite ends is connected to the second hollow socket 

IS contact 1 8 and the other end extends out from the hous- 
ing 1 2 and is threadedly engaged with the second ex- 
ternal terminal of the battery cell by conventional means. 

A fastener means 54 is also mounted within the low- 
er compartment 14 and insulated by the insulatbn ma- 

20 terial 1 3 away from the hollow cylindrteal body 48. The 
fastener means 54 has a first end which is connected to 
the first hollow socket contact 16 and a second end 
which extends outwardly away from the housing 1 2. The 
second end has a threaded opening 56 for threadedly 

25 engaging with the first external terminal of the battery 
cell by conventional means. 

An elongated cylindrical shaft 21 has a flat first end 
25 and a screw threaded second end 27. An electrical 
pin contact 20 has an Internal threaded opening 26 

30 which is th readedly engaged to the screw threaded sec- 
ond end 27 of the elongated cylindrical shaft 21 . The 
electrical pin contact 20 is slidably assembled in the low- 
er compartment 1 4 and can be engaged with the pair of 
socket contacts 16 and 18 for providing electrical conti- 

35 nuity between the pair of socket contacts 1 6 and 1 8. The 
electrical pin contact 20 is positioned so that it is on the 
axis of the pair of socket contacts 1 6 and 1 8. 

A collet member 24 is biased downwardly by a first 
and second tension spring means 23 which are located 

40 at the center compartment 8 of the housing 1 2. The col- 
let member 24 has two collapsible fingers 28 with en- 
larged top ends 29 and a base 30, where the base 30 
is attached to the flat first end 25 of the elongated cylin- 
drical shaft 21 , and the enlarged top ends 29 of the col- 

45 lapslble fingers 28 are extended through an elongated 
narrow channel or passage 34 in the partition 10. The 
elongated narrow channel 34 extends downward to a 
midsection 1 5 of the center compartment 8. 

Two plungers 36 and 1 36 are respectively biased 

so upwardly by a third and fourth tension spring means 37 
and 1 37 respectively. Both of the tension spring means 
37 and 1 37 are located at the upper compartment 6 of 
the housing 12. Each plunger has a first end 38 and a 
second end 40. The second ends 40 of the two plungers 

55 36 and 1 36 are inserted between the collapsible fingers 
28 of the collet member 24 to prevent the collapsible 
fingers 28 of the collet member 24 from snapping shut. 
The purpose of using two plungers is to provide redun- 
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dancy for preventing the cell bypass switch 2 Uom ac- 
tuation by transient signals. When the second ends 40 
of the plungers 36 and 1 36 are inserted between the 
enlarged top ends 29 of the collapsible fingers 28 of the 
collet member 24. the collapsible fingers 28 are re- 
strained from collapsing and their enlarged top ends 29 
are blocked by the elongated narrow channel 34 in the 
partition 1 0 so that the collet member 24 cannot move 
and the electrical pin contact 20 does not establish elec- 
trical continuity between the pair of socltet contacts 16 
and 18, as shown in Figures 2 and 3. Therefore, the cell 
bypass switch 2 remains in the opened condition. 

Two electro-mechanical actuators 22 and 122 are 
symmetrically mounted in the upper compartment 6 of 
the housing 12. Each electro-mechanical actuator com- 
prises a first spool half 42 and a second opposite spool 
half 44 which are bounded together by a tight winding 
of a stainless steel restraining wire or restraining means 

46 which is terminated in a bridge wire 47 spanning be- 
tween the electrical terminals (only one is shown in Fig- 
ure 2) of the electro-mechanical actuator such that the 
restraining wire 46 compresses the two spool halves 42 
and 44 together to prevent the plunger 36 or 1 36 from 
moving upwardly therethrough. 

When the battery cell fails, current leakage begins 
to flowthrough the lead wires 32 and 1 32, and the bridge 
wire 47 such that the bridge wire 47 heats up and re- 
duces its tensile strength until the applied loading 
breaks the bridge wire 47. This occurs when the current 
reaches approximately two and half {2W) amperes. The 
sensitivity of the bridge wire 47 can be adjusted, de- 
pending on the application. The break in the bridge wire 

47 triggers the switching action and closes an alternate 
circuit that bypasses the failed cell and allows the bat- 
tery circuit to continue its function. The failed battery cell 
is bypassed when the electrical pin contact 20 contacts 
the pair of socket contacts 16 and 18. The alternate cir- 
cuit is activated between the hollow cylindrical body 48 
and the fastener means 54. 

The break of the bridge wire 47 in each actuator 
causes rapid unwinding of the two respective spool 
halves 42 and 44, thereby releasing the plungers 36 and 
1 36. The spring pressure from the pair of tension spring 
means 37 and 1 37 drives the two plungers 36 and 1 36 
through the respective two spool halves 42 and 44, pull- 
ing the second ends 40 of the plungers 36 and 1 36 free 
and off from the enlarged top ends 29 of the collapsible 
fingers 28 of the collet member 24. 

Referring to Figures 5 and 6, when both of the 
plungers 36 and 1 36 have moved away, the collapsible 
fingers 28 of the collet member 24 snap together. Their 
reduced size now allows them to slip between the elon- 
gated narrow channel 34 in the partition 1 0 that had re- 
strained the collapsible fingers 28 of the collet member 
24. The spring pressure from the pair of tension spring 
means 23 now drives the collet member 24 downward 
and pushes the electrical pin contact 20 into contact with 
the pair of socket contacts 1 6 and 1 8. as shown in Figure 



6. Spring motion will position the electrical pin contact 
20 so that it spans both the socket contacts 16 and 18, 
making electrical contact and allowing the new circuit to 
bypass the failed cell. Switching will be accomplished In 
5 less than twenty (20) milliseconds at five (5) amperes. 
The voltage drop in the circuit following actuation will be 
less than twenty-five (25) millivolts at two hundred (200) 
amperes. 

The cell bypass switch 2 actuation requires that 
10 both electro-mechanical actuators 22 and 1 22 fire. This 
redundancy prevents cell bypass switch 2 action by 
transient signals or other failures. The cell bypass switch 
2 will have a no-fire current rating of 1 .2 amperes. If only 
one electro-mechanical actuator 22 is fired, the other 
IS plunger 136 will still be held by the collapsible fingers 
28 of the collet member 24 and no movement can take 
place. 

The cell bypass switch 2 can be made from several 
materials. The cell bypass switch 2 is preferably made 

20 from space grade materials and will be compatible with 
a space mission environment. The material used will 
minimize outgassing and permits the cell bypass switch 
2 to operate at the required temperatures of -150'C (- 
238»F) to +121 °C (+250**F). The overall design will 

25 have excellent resistance to shock and vibration. 

The insulation material used by the cell bypass 
switch 2 is preferably plastic. However, any suitable in- 
sulated material is sufficient. 

Defined in detail, the present invention is a cell by- 

30 pass switch tor sensing a battery cell failure and auto- 
matically providing an alternate path around the battery 
cell failure, the battery cell having a first external termi- 
nal and a second external terminal, the switch compris- 
ing: (a) a housing having an upper compartment with a 

35 top end, a center compartment with a partition, and a 
bwer compartment with a bottom end. the partition hav- 
ing an elongated narrow channel extending downwardly 
to a midsection of the center compartment; (b) a first 
hollow socket contact and a second hollow socket con- 

40 tact mounted in a longitudinal direction within said lower 
compartment and insulated by a first insulation material 
away from each other, where the first and second socket 
contacts are located at an upper location and a lower 
location adjacent said bottom end of said housing re- 

45 spectively; 

(c) an electrical pin contact having an internal threaded 
opening; (d) an elongated cylindrical shaft having a flat 
first end and a screw threaded second end threadedly 
screwed into said internal threaded opening of said etec- 

50 trical pin contact and positioned in said lower compart- 
ment and slidably engageable with said first and second 
socket contacts; (e) a collet member biased downwardly 
by first tension spring means and second tension spring 
means respectively and located at locations opposite to 

55 each other, the collet member having a base and two 
collapsible fingers, the base attached to said flat first 
end of said elongated cylindrical shaft, and the two col- 
lapsible fingers each having an enlarged top end ex- 
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tending upwardly through said elongated narrow chan- 
nel in said partition of said center compartment; (f) two 
electro-mechanical actuator assemblies insulated by a 
second insulation material and symmetrically mounted 
in said upper compartment of said housing for respec- 5 
tively operating a respective one of two plungers, each 
electro-mechanical actuator assembly having a first 
spool half and a second opposite spool half bounded by 
a restraining wire terminated In a bridge wire and com- 
pressed Inwardly for preventing the respective one of 
the two plungers from moving upwardly therethrough; 
(g) said two plungers biased upwardly by third spring 
means and fourth tension spring means respectively, 
and inserted between said collapsible fingers of said col- 
let member for preventing said enlarged top ends of said 
collapsible fingers from snapping shut, and sliding 
through said elongated narrow channel in said partition 
of said center compartment, thereby restraining said 
collet member from moving downwardly, which in turn 
prevents said electrical pin contact from sliding down- 
wardly and making electrical connection between said 
first and second socket contacts, said two plungers fur- 
ther providing redundancy to prevent said cell bypass 
switch from malfunction upon transient signals; (h) a hol- 
low cylindrical body inserted through said bottom end of 
said housing and insulated by said second insulation 
material, the hollow cylindrical body having internal 
screw threads with one end connected to said second 
hollow socket contact and the other end extending out 
from sakJ housing for threadedly engaging with said sec- 
ond external terminal of said battery cell; and (i) a fas- 
tener means having a first end and a second end with 
a threaded opening and mounted within said lower com- 
partment and insulated by said second Insulation mate- 
rial away from said hollow cylindrical body, the first end 
connected to said first hollow socket contact, and the 
second end extending outwardly away from said hous- 
ing for threadedly engaging with said first external ter- 
minal of said battery cell; (j) whereby when said battery 
cell fails and electrical current is passed through said 
bridge wires such that said bridge wires will heat up and 
break, this will cause said two restraining wires to un- 
wind and separate said first and second spool halves of 
said two electro-mechanical actuator assemblies re- 
spectively, which allows said two plungers to move up- 
wardly and release said enlarged top ends of said two 
collapsible fingers such that they can collapse and slide 
through said narrow channel in said partition of said 
center compartment, allowing said collet member to 
move downwardly, which in turn pushes said electrical 
pin contact to slide downwardly, and contacting said first 
and second socket contacts and making electrical con- 
nection therebetween, to provide a bypass of said failed 
battery cell. 

Defined broadly, the present invention is a cell by- 
pass switch for sensing a battery cell failure and auto- 
matically providing an alternate path around the battery 
cell failure, the battery cell having a first external termi- 



nal and a second external terminal, the switch compris- 
ing: (a) a housing having an upper compartment with a 
top end, a center compartment with a partition, and a 
lower compartment with a bottom end, the partition hav- 
ing an elongated narrow channel; (b) a pair of spaced 
apart electrical contacts mounted in a longitudinal direc- 
tion within said lower compartment of said housing and 
insulated by a first insulation material away from each 
other; 

(c) an etongated electrical pin contact having a first end 
and a second end, positioned in said lower compartment 
and slidably engageable with said pair of electrical con- 
tacts; (d) a collet member biased downwardly by a pair 
of tension spring means, the collet member having a 
base and at least two collapsible fingers, the base at- 
tached to said first end of said elongated electrical pin 
contact, and the at two collapsible fingers extending up- 
wardly through said elongated narrow channel in said 
partition of said center compartment; (e) at least one 
plunger biased upwardly by tensbn spring means and 
having a first end and a second end inserted between 
said at least two collapsible fingers of said collet mem- 
ber for preventing said at least two collapsible fingers of 
said collet member from snapping shut; (f) at least one 
electro-mechanical actuator insulated by a second in- 
sulation material and mounted in said upper compart- 
ment of said housing and having a segment spool 
bounded by a restraining wire terminated in a bridge 
wire and compressed inwardly for preventing said first 
end of said at least one plunger from moving upwardly 
therethrough; (g) a cylindrical body inserted through 
said bottom end of said housing and Insulated by said 
first insulation material, the cylindrical body having one 
end connected to a respective one of said pair of elec- 
trical contacts, and the other end extending out from 
sakj housing for attaching to said second external ter- 
minal of said battery cell; and (h) a fastener means 
mounted within said lower compartment and insulated 
by said first insulation material away from said cylindri- 
cal body, the fastener means having one end connected 
to said respective one of said pair of electrical contacts, 
and the other end extending outwardly away from said 
housing for attaching to said first external terminal of 
said battery cell; 

(i) whereby when said battery cell fails and electrical cur- 
rent is passed through said bridge wire such that said 
bridge wire heats up and breaks, and causes said re- 
straining wire to unwind and release said segmented 
spool of said at least one electro-mechanical actuator, 
this allows said at least one plunger to move upwardly 
therethrough, said at least two collapsible fingers can 
collapse and pass through said elongated narrow chan- 
nel in said partition of said center compartment which 
allows said collet member to move downwardly and 
cause said electrical pin contact to slide and contact said 
pair of socket contacts, and thereby provide a bypass 
to said battery cell failure. 

Defined more broadly, the present invention is a by- 
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pass swrtch for sensing a battery cell failure and auto- 
nnatically providing an alternate path around the battery 
cell failure, the battery cell having a first terminal and a 
second terminal, the switch comprising: (a) a housing 
having a hollow chamber with a partition, the panition 
having a narrow passage; (b) a pair of contacts mounted 
within said hollow chamber of said housing; (c) a pin 
contact slidably engageable with said pair of contacts; 

(d) a spring biased collet member having a base con- 
nected to said pin contact, and at least two fingers ex- 
tending through said narrow passage in said partition; 

(e) at least one spring biased plunger Inserted between 
said at least two fingers of said spring biased collet 
member for preventing said at least two fingers of said 
spring biased collet member from collapsing; and (f) at 
least one electro-mechanical actuator having a spool 
bounded by a restraining wire terminated In a bridge 
wire for restraining said at least one spring biased plung- 
er from disengaging with said at least two fingers of said 
collect member; (g) means for connecting to a respec- 
tive one of said pair of contacts to said first terminal of 
said battery cell; and (h) means for connecting to said 
respective one of said pair of contacts to said second 
terminal of said battery cell; 

(i) whereby when said battery cell fails, electrical current 
is passed through said bridge wire such that said bridge 
wire heats up and breaks, and causes said restraining 
wire to unwind and allow said at least one spring biased 
plunger to move upwardly, which in turn allows said at 
least two fingers to collapse and slide through said nar- 
row passage in said partition for allowing said collet 
member to move which causes said pin contact to move 
and connect to said pair of contacts, and thereby provide 
a bypass to said battery cell failure. 

Defined even more broadly, the present invention is 
a bypass switch for sensing a battery cell failure and au- 
tomatically providing an alternate path around the bat- 
tery cell failure, the battery cell having a first terminal 
and a second terminal, the switch comprising: (a) a pair 
of spaced apart contacts; 

(b) a pin contact slidably engageable with said pair of 
contacts for making electrical continuity; (c) a spring bi- 
ased collet means connected to said pin contact and 
having a base and at least two collapsible fingers ex- 
tending through a passage in a panel; (d) a spring bi- 
ased plunger inserted between said at least two collaps- 
ible fingers of said spring biased collet means for pre- 
venting said at least two collapsible fingers from collaps- 
ing and withdrawing through said passage of said panel; 
and (e) means for removing said spring biased plunger 
upon failure of said battery cell; (f) whereby when said 
battery cell fails, said spring biased plunger is removed 
and said at least two collapsible fingers can collapse and 
slide through said passage in said panel for allowing 
said pin contact to connect to said pair of contacts, and 
thereby provide a bypass to said battery cell failure. 

Of course the present invention is not intended to 
be restricted to any particular form or arrangement, or 



any specific embodiment disclosed herein, or any spe- 
cific use, since the same may be modified in various par- 
ticulars or relations without departing from the spirit or 
scope of the claimed invention hereinabove shown and 

5 described of which the apparatus shown is intended on- 
ly for illustration and for disclosure of an operative em- 
bodiment and not to show all of the various forms or 
modifications in which the present invention might be 
embodied or operated. 

10 The present invention has been described in con- 
siderable detail in order to comply with the patent laws 
by providing full public disclosure of at least one of its 
forms. However, such detailed description is not intend- 
ed in any way to limit the broad features or principles of 

IS the present invention, as defined by the claims. 



Claime 

20 1. A bypass switch (2) for sensing failure of a battery 
cell and automatically providing an alternate path 
around the battery, the battery cell having a first ter- 
minal and a second terminal, the switch (2) com- 
prising: 

25 

a. a pair of spaced apart contacts (16, 18); 

b. a pin contact (20) slidably engageable with 
said pair of contacts (16, 18) for making etec- 

30 trtcal continuity; and characterized by: 

c. a spring biased member (24) connected to 
said pin contact (20) and having a base (30) 
and a collapsible member (28); 

35 

d. a spring biased plunger (36) disposed adja- 
cent said collapsible member (28) for prevent- 
ing said collapsible member (28) from collaps- 
ing; and 

40 

e. means (22) for moving said spring biased 
plunger (36) upon failure of said battery cell; 

f. whereby when said battery cell fails, said 
45 spring biased plunger (36) moves allowing said 

collapsible member (28) to collapse allowing 
said pin contact (20) to connect to said pair of 
contacts (1 6, 1 8), and thereby provide a bypass 
to said battery cell.~ 

50 

2. The bypass switch as defined in Claim 1 wherein 
said spring biased member (24) is biased by tension 
spring means (23). 

S5 3, The bypass switch as defined in Claim 1 wherein 
said spring biased plunger (36) is biased by another 
tension spring means (37). 
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4. The bypass switch as defined in Claims 1 wherein 
said means (22) for moving said spring biased 
plunger (36) upon failure of said battery cell in- 
cludes an electromechanical actuator (22). 

5. The bypass switch as defined in Claim 4 wherein 
said electromechanical actuator (22) comprises a 
segmented spool (42, 44) for restraining said spring 
biased plunger (36). 

6. The bypass switch as defined In Claim 5 wherein 
said segmented spool (42, 44) is bounded by a re- 
straining wire (46) which terminates into a bridge 
wire (47), which will break up when said battery cell 
fails. 

7. The bypass switch as defined in Claim 4 further 
comprising means (32) for connecting said electro- 
mechanical actuator (22) to a source of electrical 
current. 

8. The bypass switch as defined in Claim 7 further 
comprising means (48, 54) for respectively con- 
necting said pair of spaced apart contacts (16, 18) 
to said first and second terminals of said battery cell 
to bypass said battery cell failure. 

9. The bypass switch as defined in Claim 1 further 
comprising means (4) for mounting said bypass 
switch (2) to an external structure. 



PatentansprQche 

1. Oberbruckungsschalter (2) zur Erfassung des Aus- 
falls einer Batteriezelle sowie zur automatischen 
Bereitstellung eines alternativen Wegs um die Bat- 
terle, wobei die Batteriezelle einen ersten Anschlu3 
und einen zweiten AnschluB aufweist, wobei der 
Schalter (2) folgendes umfaBt: 

a) ein Paar beabstandeter Kontakte (16, 18); 

b) einen Stiftkontakt (20), der in Eingriff mit dem 
genannten Kontaktpaar (16, 18) geschoben 
werden kann, um eine elektrische Durchgan- 
gigkeit herzustellen; und gekennzeichnet 
durch: 

c) ein gefedertes Element (24), das mit dem ge- 
nannten Stiftkontakt (20) verbunden ist und ei- 
ne Basis (30) sowie ein zusammenklappbares 
Element (28) aufweist; 

d) einen gefederten Kolben (36), der angren- 
zend an das genannte zusammenklappbare 
Element (28) angeordnet ist, um zu verhindern, 
da3 das genannte zusammenklappbare Ele- 
ment (28) zusammenklappt wird; und 

e) eine Einrichtung (22) zur Bewegung des ge- 
nannten gefederten Kolbens (36) bei Versagen 



der genannten Batteriezelle; 
f) wobei sich der genannte gefederte Kolben 
(36) bei einem Ausfall bzw. einem Versagen der 
genannten Batteriezelle bewegt, wobei das ge- 

5 nannte zusammenklappbare Element (28) zu- 

sammenklappen kann, wodurch ermoglicht 
wird. daB der genannte Stiftkontakt (20) das ge- 
nannte Kontaktpaar (16, 18) verbindet, und wo- 
durch eine Uberbruckung zu der genannten 

10 Batteriezelle hergestellt wird. 

2. Oberbruckungsschalter nach Anspruch 1, wobei 
das genannte gefederte Element (24) durch eine 
Spannfederelnrichtung (23) vorbelastet wird. 

IS 

3. Oberbruckungsschalter nach Anspruch 1, wobei 
der genannte gefederte Kolben (36) durch eine wei- 
tere Spannfederelnrichtung (37) vorbelastet wird. 

20 4. OberbrOckungsschalternach Anspruch 1 , wobei die 
genannte Einrichtung (22) zur Bewegung des ge- 
nannten gefederten Kolbens (36) bei Versagen der 
genannten Batteriezelle ein elektromechanisches 
Betatigungsglied (22) aufweist. 

25 

5. Oberbruckungsschalter nach Anspruch 4, wobei 
das genannte elektromechanische Betatigungs- 
glied (22) eine segmentierte Spule (42, 44) zum 
Haiten des genannten gefederten Kolbens (36) um- 

30 faBt. 

6. Oberbruckungsschalter nach Anspruch 5, wobei die 
genannte segmentierte Spule (42, 44) durch einen 
Haltedraht (46) gehalten wird, der in einem Ober- 

35 bruckungsdraht (47) endet, der unterbricht, wenn 
die genannte Batteriezelle ausfallt. 

7. Oberbruckungsschalter nach Anspruch 4. femer 
mit einer Einrichtung (32) zur Verbindung des ge- 

40 nannten elektromechanischen Betatigungsglieds 
(22) mit einer elektrischen Stromquelle. 

8. Oberbruckungsschalter nach Anspruch 4, wobei 
der Schalterferner eine Einrichtung (48, 54) zur ent- 

46 sprechenden Verbindung des genannten beabstan- 
deten Kontaktpaares (16, 1 8) mit den genannten er- 
sten und zweiten Anschlussen der genannten Bat- 
teriezelle umfaBt, um den genannten Batteriezel- 
lenausfall zu QberbrOcken. 

so 

9. OberbruckungsschaKer nach Anspruch 1, femer 
mit einer Einrichtung (4) zur Befestigung des ge- 
nannten Uberbruckungsschalters (2) an einer ex- 
tern en Struktur. 

55 
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Revendlcations 

1. Interrupteur de derivation (2) permettant de d6tec- 6. 
ter la d6falllance d'un 6l6ment de batterie et de four- 

nir automatiquement un trajet alternatif d'une borne 5 
^ I'autre de la batterie, I'6l6ment de batterie com- 
portant une premiere borne et une seconde borne, 
I'interrupteur (2) comprenant : 

a. une paire de contacts (16, 1 8) espac6s ; io 7. 

b. un contact (20) en fonne de dolgt pouvant 
venir d'une manldre coulissante au contact de 
la paire de contacts (16, 18) pour rdaliser une 
continuity 6lectrique ; 

IS 8. 

et caract6ris6 par : 

c. un eidment h ressort (24) reli6 au contact (20) 
en fornne de doigt et comportant une base (30) 

et un 6l6nnent pouvant s'affaisser sur lui-mSme 20 

(28); 

d. un piston-plongeur k ressort (36) en position 9. 
adjacente ^ \'6\6men\ pouvant s'affaisser sur 
lui-mSme (28) pour empdcher de s'affaisser le- 

dit 6I6ment pouvant s'affaisser sur lui-m§me 2S 
(28) ; et 

e. des moyens (22) servant k d^placer le pis- 
ton-plongeur ^ ressort (36) lors d'une d^faiilan- 
ce de I'dldment de batterie ; 

f . de sorte que, lors d'une ddfaillance de I'dld- 30 
ment de batterie, le piston-plongeur ^ ressort 
(36) se d^place, en pernnettant de s'affaisser k 
r6l6ment pouvant s'affaisser sur lui-m§me (28), 

ce qui permet au contact (20) en fornne de doigt 
de r6aliser une connexion avec la paire de con- 35 
tacts (16, 18) et de fournir ainsi une derivation 
k reiement de batterie. 

2. Interrupteur de derivation tell que ddfini k la reven- 
dication 1 , dans lequel reidment k ressort (24) est 40 
soumis k la sollicitation de nnoyens du type ressort 

de tension (23). 

3. Interrupteur de derivation tel que defini k la reven- 
dication 1 , dans lequel le piston-plongeur k ressort 4S 
(36) est soumis k la sollicitation d'autres nnoyens du 
type ressort de tension (37). 

4. Interrupteur de derivation tel que defini k la reven- 
dication 1 , dans lequel lesdits moyens (22) sen^ant so 
k deplacer le piston-plongeur k ressort (36) lors 
d'une defaillance de reiement de batterie consistent 

en un actionneur eiectromecanique (22). 

5. Interrupteur de derivation tel que d6fini k la reven- ss 
dication 4, dans lequel I'actionneur eiectromecani- 
que (22) comprend une bobine segmentee (42, 44) 
servant k restreindre le mouvement du piston-plon- 



geur k ressort (36). 

Interrupteur de derivation tel que defini k la reven- 
dication 5, dans lequel la bobine segmentee (42, 
44) est liee par un fil metallique de restriction de 
mouvement (46) qui se termine par un pont de fil 
metallique (47) qui va se rompre lors de la defaillan- 
ce de reiement de batterie. 

Interrupteur de derivation tel que defini k la reven- 
dicatbn 4, comprenant en outre des moyens (32) 
servant k connecter I'actionneur eiectromecanique 
(22) k une source de courant eiectrique. 

Interrupteur de derivation tel que defini k la reven- 
dication 7, comprenant en outre des moyens (48, 
54) servant k connecter respectivement la paire de 
contacts (16. 18) espaces aux premiere et seconde 
bomes de I'eiement de batterie pour assurer une 
derivation de la defaillance de reiement de batterie. 

Interrupteur de derivation tel que defini k la reven- 
dication 1, comprenant en outre des moyens (4) 
servant k monter I'interrupteur de derivation (2) sur 
une structure exterieure. 
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